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Abstract 
Over the last few decades, the advancement in computer technology has made it possible to 
work Biometric systems with very high efficiency in real life scenario. Various efforts have 
been made to minimize pre-processing time. In this paper, the application developed here 
includes human face detection and recognition system using hybrid techniques. The hybrid 
technique is basically a combination of skin grabbing, Gabor filter and PCA. The whole 
system is divided into two sections. Firstly, real time detection of faces using various skin 
grabbing techniques. Secondly,a face recognition system using Gabor filter and PCA method. 
Hybrid technique for face detection and recognition guarantees accuracy. 
 
Keywords: Face Detection and Recognition, YCbCr, Viola-Jones algorithm, Gabor filter, 
PCA. 
 
INTRODUCTION  
With the enlargement of expeditious 
economy, wide ranging human liveliness 
became progressively frequent, especially 
in some huge sports events, entertainment 
events, and large exhibitions and public 
and political demonstrations. Crowd safety 
now became an important issue, creating a 
prime focus in security sector. In the 
present scenario, large-scale group 
activities now became the main target of 
terrorist, thus creating a social impact of 
fear and lethality in society[1,3]. Hence, it 
is very meaningful to estimate crowd 
density and recognize the target face[2].In 
order to detect target face and number of 
people present in surveillance area, there 
are many types of software which are 
helpful for detection and recognition, 
segmentation, filtering and feature 
extraction. These software are also very 
helpful for biometric analysis system, 
pattern matching like fingerprint matching 
[4,5].The best software which is useful for 
these operations is image Processing dealt 
easily using MATLAB. All the biometric 
algorithms can easily be designed by the 
help of image processing. 
Image processing basically has three 
levels: 
1. Low-level Processing: It basically 
requires standard procedure which is 
applied to improve image quality with no 
intelligent capabilities. 
2. Intermediate-level Processing: It 
basically extract and characterize the 
components of an image with very less 
intelligent capabilities. The various 
techniques used here are image 
segmentation, feature extraction and edge 
detection. 
3. High-level Processing: All the operations 
that are implemented in this level requires 
high intelligent capabilities from which 
detection and recognition using various 
algorithms can be easily interpreted. 
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Face detection and recognition also 
requires high level image processing from 
which difficult tasks such as variance in 
lightning condition, orientation, color , 
texture[6], size and expression can easily 
rectified. In order to make a system more 
efficient and reliable, it is necessary to 
build an effective algorithm that can 
perform both face detection and 
recognition. There are various algorithms 
for face detection and recognition. For face 
detection, two skin grabbing algorithm 
.i.e., YCbCr color model and Viola-Jones 
model are compared, for face recognition, 
Classical methods namely Principal 
component analysis and Gabor filter are 
combined in order to achieve high 
accuracy. 
 
EXISTING TECHNIQUES 
Face detection is characterized in 4 types, 
viz., knowledge based face detection, 
Feature based face detection, template 
based face detection and statistical based 
face detection [7]. In the recent years, 
statistical based approach for face 
detection is favorably used because of its 
accuracy. Statistical based face detection is 
further characterized into artificial neural 
network, SVM, Gabor wavelets, Adaboost 
and sparse network. Whereas template 
matching basically includes YCbCr, SURF 
feature and bag of features. During face 
detection, a large amount of algorithms 
have to be implemented from which one of 
the most important is Edge detection [8]. 
Edge detection are also of different types 
in which canny edge detector has the 
highest tendency to detect wide range of 
edges in an image. Face is detected using 
vision toolbox which basically use skin 
segmentation technique in the present 
scenario. 
 
For the face recognition, there are various 
algorithms which are designed according 
to their orientation, skin colour, feature 
extraction and neural network. PCA or 
„eigen face‟ is the best ever technique used 
in the present times [9]. Feature extraction 
is also very useful technique in order to 
extract the features of the skin, train the 
system and then recognize faces. Some of 
the common feature extraction techniques 
are SURF, Histogram of oriented 
gradients, color histograms and Local 
binary pattern. The present study deals 
with Gabor feature extraction which is a 
local binary pattern technique. In the 
present decade, machine learning language 
has come in existence .Machine learning 
language basically includes SVM, neural 
networks, kernel network and decision 
tree. The technique which is used here is a 
hybrid technique and will be explained in 
the next section. 
 
PROPOSED TECHNIQUE 
Here, a hybrid model is designed for both 
face detection and recognition 
individually. For face detection, YCbCr 
technique and Viola Jones algorithm are 
combined. Whereas, for face recognition 
two classical methods .i.e., Principal 
component analysis (PCA) and Gabor 
feature extraction are combined. The 
whole system is divided in different 
sections which can be easily 
understandable with help of flowchart 
given in fig.1. 
 
 
Fig.1.Flowchart of face detection and recognition 
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SYSTEM  LOGIN 
In order to initiate the whole system, a 
system login tab is provided in order to 
make system password protected so that 
there would be no theft of database.. 
 
DATA ACQUISITION 
In order to recognize face, a dataset of 
images has to be prepared for comparison 
with test image. Images are acquired with 
the help of Image Acquisition toolbox in 
MATLAB which acquire images from 
CCTV. Here, the dataset is configured by 
setting number of images per trigger, 
image size and color space of images. 
Here, 5 images of faces are taken for every 
known person. System will recognize the 
test sample image with the known existing 
data. 
 
PRE-PROCESSING 
The acquired image generally contains 
large number of interfering noises. These 
noises includes signal to noise ratio, image 
background, colour and contrast of an 
image. The noises can be neutralized by 
using pre-processing algorithms. Pre-
Processing basically includes image 
enhancement, edge detection and 
morphological operations[10]. Here ,  
three methods in order to pre-process an 
image are used as shown in fig.2. 
 
 
Fig.2. Pre-Processing Flowchart 
 
C.1. INTENSITY SCALE 
In this process, an image gets converted 
from RGB(red-green-blue) to gray. This 
process basically removes all hue and 
saturation, while retaining only luminous 
intensity. The values of RGB can easily be 
varied but by default , simple rgb2gray 
coding has been done. 
 
C.2.BINERIZATION 
After converting an image from RGB to 
gray colour, The image is than converted 
into binary image. i.e., all the values of 
gray image pixel  is in the form of  0‟s  
and 1‟s. Here, all the pre-determined 
threshold values are in the form of 1‟s and 
all the other value is set to 0‟s.  
 
C.3. EDGE DETECTION 
Edge detection is the final stage of pre-
processing which includes image 
segmentation and feature extraction. There 
are various types filters for edge detection 
such as Canny filter, Robert Filter, 
Gaussian filter , Prewitt filter, Gabor filter 
and Sobel filter. By default we have used 
Sobel filter for edge detection[11]. Sobel 
edge detector is based on convolution of 
image with small integer (derivative) value 
both in vertical as well as in horizontal 
direction. Let. 
(1) 
 
Where, A is a source image, Gx and Gy are 
images which at every pixel contain 
horizontal and vertical derivative . The 
resultant gradient value will be 
                        (2)    
           In order to calculate gradient 
direction. 
                            (3) 
 
FACE DETECTION 
Human faces dynamically varies according 
to their size , shape and location of their 
facial features and expression such as 
nose, eyes, lips ,cheekbones, chin and jaw. 
In order to differentiate faces and non 
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faces, Here, we have used two different 
face detection algorithms i.e. YCbCr color 
model and Viola-Jones technique.  
 
D.1. YCbCr COLOUR MODELLING 
YCbCr color space model is a pixel based 
system, which is widely used in digital 
image processing. Y stands for Luminance 
which can be easily determined by 
calculation and weighting of RGB, Cb 
stands for chrominance blue which is a 
difference between blue color and 
luminous intensity and Cr stands for 
chrominance red which is the difference 
between red color and luminous intensity.. 
For face detection we need to determine 
the threshold value of YCbCr so that only 
skin part of a human is only segmented 
[12,13]. We also need to determine the 
hamming distance between eyes in order 
to differentiate between faces and non-
faces. The threshold value we have 
selected for face detection here are 
 
Cb>=77 & Cb<=133 & Cr>=133 & 
Cr<=200                                             (4) 
 
D.2. VIOLA-JONES ALGORITHM 
Here, the face detection is based on feature 
based system which is much faster than 
pixel based system. It basically involves 
sum of pixels bounded by rectangular area. 
It also involves the use of Haar feature 
selection which represents some basic 
similarities of human faces like nose and 
eyes. By default, Viola Jones algorithm is 
more commonly used in computer vision 
toolbox because of its high accuracy and 
used in real time[14,15]. But Viola Jones 
technique is not used for face recognition 
because of time elapsed is more in this 
case. 
 
This algorithm technically work on Haar 
feature selection, Adaboost training and 
cascade classifiers.  
 
 
In Haar feature selection, all the similar 
properties of human faces are shared, 
which includes eyes, nose and cheeks. 
There are basically 4 types of Haar 
classifier. Below shows two common 
examples of Haar feature. 
 
 
Fig.3. Haar Edge feature applied on nose 
 
 
Fig.4. Haar Line feature applied to both 
nose and eyes 
 
Fig.5. Haar centre surround feature 
 
After feature extraction, the learning 
algorithm Adaboost selects the best 
features from face, which are very 
common to human beings. After feature 
selection, cascading of features can be 
done with the help of cascade classifiers. 
 
FACE RECOGNITION  
 It is a process of identifying one or more 
person of test frame by comparing and 
analyzing from previously existed dataset 
frames. In order to recognize faces, the 
necessity of developing a hybrid technique 
is felt, Which is basically a combination of 
Eigen-face approach(PCA) and Gabor 
feature extraction. 
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EIGENFACE APPROACH (PCA) 
PCA is a statistical method, specifically 
used for data reduction with the help of 
data compression and also to normalize the 
complex data of facial structure. Data 
reduction is performed in order to provide 
only useful and relevant information. With 
the help of edge detection algorithm, eyes, 
nose and mouth are lined-up and 
normalized an eigenface approach is also 
known as „eigenvectors‟ in matrix which 
removes all the useless information. Each 
face image is represented „feature vectors‟ 
of eigenfaces, having specific weighted 
sum and stored in single dimensional 
array. Then with the help of minimum 
distance criteria, the distance between 
„feature vectors‟ of database images and 
test image are calculated and 
matched[16,17,18,19]. 
 
CALCULATION OF EIGENFACE 
WITH PCA 
Following steps are needed in order to 
calculate eigen-faces with the help of 
PCA. They are 
   1. Prepare training set (Γi) from faces for 
processing. 
  2. An average matrix Ψ of training set 
(Γi) has to be calculated and then 
subtracted from training set (Γi) .the 
results are stored in variable Φi. 
                                  (5) 
  3.  Calculate covariance matrix C 
                                (6) 
4. Calculate the eigenfaces ui and 
corresponding eigen values λi. 
5. Select the principal components. 
6. Classify faces with test face Γ new with 
the known faces. firstly, test face is 
transformed into eigenface having weight 
vector Ω T new. 
           (7) 
 
GABOR FILTER BASED FEATURE 
EXTRACTION 
Gabor filter is a type of linear filter which 
is used for texture analysis. For an area of 
interest or localized area around a point, 
Gabor filter determines the specific 
frequency on a specific direction. For 
orientation and frequency representation, 
computer visualization system is similar to 
that of Gabor filter.  
 
Gabor feature extraction in spatial domain 
is shown below 
         (8) 
     In equation.8, Gaussian Kernel 
Function is modulated by sinusoidal plane 
wave. where 
                    f = frequency of filter 
                    θ = orientation angle 
                    γ = sharpness along Gaussian 
major axis 
                    η = sharpness along Gaussian 
minor axis 
 
EXPERIMENTAL RESULTS 
Various techniques were applied on real 
time database in which each frame is 
having different characteristics, such as 
face orientation, background and 
illumination. On the basis of these 
characteristics, face detection and 
recognition results are materialized. Our 
main target is to detect the number of 
people present in that local surveillance 
area and recognize face from test frame. 
 
RESULTS FOR FACE DETECTION 
A.1. In order to initialize the system, we 
need to login from login page for both face 
detection and recognition. 
 
A.2. In order to detect face, various 
operations have to be applied on a sample 
image which is already discussed above in 
proposed technique shown in fig.5. 
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Fig.6.DTI 
 
A.3.   Intensity Scaling: original image is 
converted into gray image with the help of 
mean values shown in fig.6. 
 
Fig.7.rgb2gray image 
 
A.4. The gray colour image is converted 
into binary image.with the help of im2bw 
shown in fig.8. 
 
 
Fig.8.Binarized image 
 
A.5. After thresholding, edge detection 
algorithms is implemented using canny 
edge detection filter so that we can get 
only required skin content shown in fig.9. 
 
 
Fig.9.Edge detected image 
 
A.6. In order to detect the skin content, we 
have used YCbCR technique which 
determines the skin content for face 
detection shown in fig.10 & fig.11. 
 
Fig.10.Fair skin image 
 
 
Fig.11.Dark skin image 
 
A.7. face is detected using combination of 
YCbCr and Viola Jones shown in fig. 12 
 
Fig.12.Face detected image 
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A.8. In order to determine the various 
results ,face detection algorithm is 
implimented on various images shown 
below. 
 
 
Fig.13.Faces1 
 
Fig.14.Faces2 
 
 
Fig.15.Faces3 
 
 
Fig.16.Faces4 
 
 
Fig.17.Faces5 
 
 
Fig.18.Faces6 
 
 
Fig.19.a1 
From above all the frames, results are 
accurate and can be easily determined 
which is shown in Table-1. 
 
Table-1. Face detection table 
 
 
From Table-1, It can be clearly observed 
that with the change in background and 
lighting conditions, there is a change in 
accuracy of face detection. Also with the 
change in orientation of faces more than 
45 degree both in horizontal & vertical, the 
system detect the faces more accurately. 
 
RESULTS FOR FACE 
RECOGNITION 
For face recognition, a hybrid technique 
.i.e., summation of both PCA and Gabor 
feature extraction is used. The results for 
face recognition are shown in Fig.24. 
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Firstly, we have taken a set of four frames 
of same person, Which is have different 
orientation and background shown in 
fig.20. 
 
 
Fig.20.image database having different 
orientation 
 
Secondly, All the four frames are pre-
processed using intensity scaling, 
binarization and Edge detection shown in 
Fig.21,22,23. 
 
Fig.21. database containing gray images 
 
 
Fig.22.Binerized image database 
 
 
Fig.23.Edge detected image database 
 
Later on, in order to fetch the features of 
face, Gabor feature extraction is used. 
 
Lastly, for recognition of face on test 
frame, all the three steps have to be 
implemented on a test frame. Two data 
frames for face recognition have been 
used. 
 
  
 
 
                       
 
                      
 
Gabor Feature Extraction and PCA 
 
     
Fig.24.Face recognition using Gabor 
feature extraction and PCA 
 
From the above two image set, it can be 
seen that face can be easily recognized 
with the help of existed known data using 
PCA and Gabor Feature Extraction. 
 
CONCLUSION 
From the above observations, it can be 
easily concluded that, accuracy can be 
increased easily by using hybrid 
techniques for face detection and 
recognition in real time. It also decreases 
the performance time of operation, 
although the system is complex. The main 
constraints observed are about orientation 
of face, Image background and brightness 
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related issues where the system could not 
detect the faces. From set of Faces6, 
Faces2 and Faces3, faces cannot be 
detected because of brightness related 
issues and background. For face 
recognition, no such related issues occurs 
regarding single face recognition But there 
are large issues related, when there are two 
or more than two people are present in a 
frame. These problems can easily be 
nullified by using advanced technique such 
as machine learning technique which helps 
to train each and every face for face 
recognition. 
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